Abstract-We show images of propagation spectrograms based on spacecraft observations of electromagnetic radiation of lightning strokes. We use multicomponent data of the DEMETER spacecraft, and we match observations of fractional-hop whistler signals with the source lightning strokes in the Mediterranean region. We perform multidimensional analysis of the spacecraft data, and we obtain detailed information on wave polarization characteristics and propagation directions.
L
IGHTNING strokes are powerful phenomena, showing not only the known luminous effects but also emitting radiation in other parts of the electromagnetic spectrum. For example, at frequencies of hundreds of hertz to a few kilohertz, electromagnetic radiation from lightning strokes can penetrate through the ionosphere to the near Earth space plasma and form frequency-dispersed whistlers (their group speed is approximately proportional to the square root of the frequency). Whistlers have been extensively studied in the past [1] after they were theoretically explained in [2] . However, some problems still remain puzzling, for example, how and where the electromagnetic waves penetrate through the ionosphere. Fig. 1 shows the results of analysis of burst-mode measurements of the DEMETER microsatellite [3] , which was launched on June 29, 2004 on a low-altitude polar orbit. It is equipped by a package of plasma instruments including devices measuring the full 3-D vectors of both electric [4] and magnetic [5] fields. A sequence of panels (a)-(g) shows the propagation characteristics of electromagnetic waves measured by DEMETER when the spacecraft overflew a late summer thunderstorm in the Mediterranean region. A short time interval of only about 3 s of data is shown, containing a group of intense tightly spaced whistlers with low dispersion (fractional-hop whistlers) in the middle of the selected time interval. The group of source lightning discharges for these whistlers has been found using a statistical method based on the analysis of time delays between whistlers received by the spacecraft and lightning strokes detected on the ground by the EUCLID network [6] . The source lightning discharges for the observed whistlers happened in a quick sequence in a small region around a latitude of 44
• N and longitude of 9.3
• E, close to the city of Genova, Italy. At that time, DEMETER flew 717 km above a point at a latitude of 44.8
• N and longitude of 6.6
• E, approximately 250-km North-West from the thunderstorm. Without a proper analysis of wave propagation to the spacecraft altitude, it is unclear if using the vertical line down from the spacecraft position is a correct way of finding the place where the whistlers penetrated through the ionosphere and if it really happened 250 km from the source lightning as this simple model suggests.
It is important to note that the whistlers are not the only waves appearing on the power spectrograms of the magnetic and electric field fluctuations [ Fig. 1(a) and (b) , respectively]. A persistent hiss emission above and slightly below the local proton cyclotron frequency (black line) can be explained by propagation from the magnetospheric source region of whistlermode chorus [7] . Results of the multidimensional analysis [8] show that both hiss and whistlers are right-hand polarized, which is consistent with their propagation in the whistler mode [ Fig. 1(c) ]. Whistlers propagate with wave vectors close to antiparallel to the terrestrial magnetic field in the plane of the magnetic meridian outward from the Earth, whereas hiss shows highly inclined wave vectors directed inward [ Fig. 1(d) and (e)]. Similarly, Poynting vectors of the whistlers have both components directed outward from the Earth [ Fig. 1(f) and (g) ], whereas hiss propagates southward and toward the Earth in agreement with its anticipated magnetospheric origin. Based on the obtained propagation directions, backward ray tracing of whistlers shows us that these waves penetrated the ionosphere more than 130 km further to the North from the DEMETER position, approximately above the city of Geneva, Switzerland.
In conclusion, images showing the results of multidimensional analysis of field fluctuations have been presented as a useful tool for the interpretation of characteristics of waves in space plasmas, in particular for the analysis of spacecraft observations of whistlers. 
